This paper is based on the application requirements of fully polarimetric radar for near ground and sea targets detection, super-resolution radar imaging has been conducted in this paper, based on an efficient method for the analysis of electromagnetic scattering from 3-D objects within a half-space. By truncating the interface, the analysis of scattering from an object within a half-space can be cast into that of a composite (high contrast) dielectric object in the free space, resulting in an efficient and accurate method by avoiding the numerical evaluations of Sommerfeld integrals totally. Using the calculated fully polarimetric far field scattering data, radar imaging of simple manmade targets has been conducted by a super-resolution imaging algorithm. Differences of electromagnetic scattering characteristics of some manmade targets with different heights above ground or sea and the radar images are also have been compared. Numerical results are presented to demonstrate the effectiveness and accuracy of the proposed method for the analysis of electromagnetic scattering and the identification of targets near the half-space interface.
Introduction
Fully polarimetric radar is a hot research topic in the academic and engineering fields [1] [2] . There is target related information in the scattering field which can be used to identify the geometry, position and even the medium parameters of the target. Polarization is one of the essential characteristic of electromagnetic (EM) wave. In [3] and [4] , the polarimetric information of electromagnetic wave can be added to expand the dimension of signal which can be used in radar target recognition. At present, most of the scholars have not taken into account the use of polarimetric information and the effects of ground and sea. The research work in this paper is based on the practical engineering application and some theoretical study of fully polarimetric radar and half space scattering problems in [5] . On the other hand, numerical analysis of electromagnetic scattering from 3-D objects within the half-space background is of great interest due to the wide applications, such as the geophysical exploration, the target identification, the remote sensing and so on [6] . Unfortunately, traditional numerical methods for objects within a half space background are always lack of efficiency [7] .
Facing the requirements mentioned above, a novel and efficient method has been presented to calculate the fully polarimetric far field scattering data [6] . A super-resolution algorithm based on the orthogonality of the signal subspace and the noise subspace, the multiple signal classification method (MUSIC) [8] , has been used to extract scattering information of the targets in a half space background. Numerical results demonstrate the effectiveness of the proposed method and the influence of the background on the radar imaging or targets detection.
Numerical model for targets within a half space
Consider the scattering of an arbitrary object in a half space. The half-space, separated by a planar interface, consists of a lossless upper region, usually air or free space, and a dielectric lower region with its high-contrast parameters. Considering the open interface closed at the infinity or the points sufficient far away from the object, we replace the semi-infinite lower region with a closed dielectric region. In other words, the infinite interface has been truncated to the finite one with sufficient large radius, and the interaction between the object and the part of the interface outside the truncation is negligible. Therefore, the original half-space problem is simplified as an equivalent problem of a composite dielectric object scattering in the free space [6] . Fig.1 . For the sake of the general, the target is considered as a dielectric object, and the solving equations can be formulated by extinction theorem, written as followed as eq. (1). A stands for EM reflectivity coefficient. Since the 2D ISAR image is nothing but the display of range profile in one axis and cross-range profile in the other axis, it is intuitionistic and famous as RD (Range-Doppler) algorithm [9] .
Two-dimensional super-resolution imaging algorithm
The super-resolution imaging algorithm based on MUSIC method needs to extract the information of scattering points of a target, so it is necessary to establish a parametric scattering model. The GTD (Geometrical Theory Diffraction) model is more suitable to get more accurate information in this case. According to Ref [10] , the two-dimensional GTD model is:
where pq stands for different polarimetric channels, which are  ,  ,  and  in spherical coordinate system.  is aperture angle. 4 Numerical results
One-dimensional high resolution imaging
The High Resolution Range Profile (HRRP) of radar targets can be obtained easily, and it is widely used in engineering application. A CAD model has been created, as shown in Fig.  2 . The central positions of these targets are on x-axis. They are (3,0), (-1,0), (-5,0) and (-9,0). The incident angle of fully electromagnetic wave is phi=0°, theta=45°. The simulated monostatic scattering data were generated from f=1GHz to f=1.3GHz in equally space frequency points without any noise. The radar images of these targets with different heights of 5m and 10m are shown in Fig.3 and Fig.4 , respectively. In Fig. 3(a) , there are 3 higher peaks among all the 5 peaks which represent a cylinder, a dihedral reflector and a trihedral reflector. In Fig. 4(a) , we can find there are 2 peaks with higher amplitudes. But there are still 3 another peaks. We cannot identify which are true targets and which are the peaks caused by the coupling effects. In Fig. 3(b) , the positions of reflectors can be seen clearly and accurately. Even if these targets are above sea or ground, we can still recognize the positions of scattering points, as shown in Fig. 3(b) and Fig.  4(b) . The MUSIC method is more effective in extraction of scattering centers. But the positions may be shifted by the coupling effects between targets and environment. This is more obvious in two-dimensional ISAR imaging.
Two-dimensional imaging for targets within a half-space
In 
Conclusion
In this paper, an efficient method to simulate a set of polarimetric radar system has been presented to study the scattering characteristics of simple manmade targets in a half space. The numerical method can be used to calculate the fully polarimetric scattering field. The ISAR imaging has been proposed to detect objects within a half space by using RD algorithm. Moreover, the two-dimensional super-resolution method can be used to extract the positions of scattering points and weaken the coupling effects between the targets and the half space background. Numerical results provide a theoretical reference for radar recognition of targets within a half space in practical engineering.
